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(57) Abstract: 

PROBLEM TO BE SOLVED: To eliminate a need of a space around an 
oscillator to miniaturize a device and to improve the reliability by 
sticking two arbitrary substrates to each other and arranging a comb- 
line electrode in the vicinity of the boundary face between them. 
SOLUTION: With respect to the oscillator utilizing a surface wave, two 
piezoelectric substrates 1 and 2 are made face each other and are stuck 
to each other to shut the oscillation energy in a boundary face 3 
between two internal piezoelectric substrates 1 and 2. A plane is 



adopted as this boundary face 3. The propagation speed of a wave motion 
in the plane area of this boundary face 3 is made lower than that in the 
peripheral area by the principle of Huygens to concentrate the 
oscillation energy to the boundary face 3; and this is realized by 
arranging a material 4, which the propagation speed is lower than that 
in piezoelectric substrates 1 and 2, in the boundary face 3. An example 
of this material 4 is metallic Au or the like, and it can be used. As 
the result, the oscillation energy is concentrated to the vicinity of 
the plane area, where the propagation speed is low, between two 
piezoelectric substrates 1 and 2. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The channel wave local ****** type piezoelectric transducer 
and filter which are characterized by having made two piezo-electric 
substrates rival and arranging the Kushigata electrode near [ the ] an 
interface. 

[Claim 2] The channel wave local ****** type piezoelectric transducer 
according to claim 1 and filter which are characterized by making a 
crystallographic axis in agreement and sticking the same ingredient as 
two above-mentioned piezo-electric substrates. 

[Claim 3] The channel wave local ****** type piezoelectric transducer 
according to claim 1 or 2 and filter which are characterized by using 
the later electrical conducting material of the propagation velocity of 
the above-mentioned piezo-electric substrate as the above-mentioned 
Kushigata electrodes. 

[Claim 4] The channel wave local ****** type piezoelectric transducer 
and filter of claims 1 and 2 and three publications which are 
characterized by arranging the later dielectric material of propagation 
velocity from the above-mentioned piezo-electric substrate with the 
above-mentioned Kushigata electrode. 

[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the piezoelectric 
transducer new type which makes unnecessary the physical opening made 
indispensable around the piezoelectric transducer which used a 
mechanical vibration in detail about a local ****** type piezoelectric 
transducer and a filter, compares with the former and enables a large 



miniaturization. 
[0002] 

[Description of the Prior Art] a piezoelectric transducer — several kHz 
from — several GHz In a frequency range, they are the electronic parts 
widely used for common electronic application equipment including the 
field radio as compared with other electronic parts since the 
wonderfulness of resonance acutance of image (Q value) and its volume 
are small, several of these kHz from — several GHz ** — the large 
frequency range covering 5 figures to say cannot be attained by the one 
oscillation mode, but in fact, from the one where a frequency is lower, 
contour vibration mode, the thick taste oscillation mode, and the 
surface wave oscillation mode are used, and the piezoelectric transducer 
which corresponded, respectively is put in practical use. It has the 
finite value which has a part of vibration displacement of the front 
face of a piezo-electric substrate also in which these oscillation modes, 
and in order that that this part contacts other media may degrade the 
original property of a piezoelectric transducer, it is fundamental 
common sense to have the structure where an opening can always be 
secured. The example of the most typical conventional piezo-electric 
device is shown in drawing 10. Drawing 10 (a) The front view of a tuning 
fork mold quartz resonator, and (b) It is a flank sectional view and is 
drawing 11 (a), (b) In the case of a thick taste skid quartz resonator, 
it is drawing 12 (a), (b) It is the case of lithium NAI0 bait surface 
wave vibrator. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in any case, 
compared with the volume of the piezo-electric substrate currently used, 
it turns out that the volume of the piezo-electric whole device 
including housing or a case is large far. However, a cage is 
indispensable, in order [ which was mentioned above in the conventional 
piezoelectric transducer ] to establish an opening in the perimeter of a 
piezo-electric substrate like and to secure this opening. Therefore, 
compared with other common electronic parts, such as a chip resistor, a 
chip capacitor, and a chip inductor, the present condition is that the 
miniaturization is behind, moreover, when the semiconductor IC tended to 
carry on the formation **** silicon substrate when MCM (Multi-chip- 
module) structure was adopted or when attaining the further 
miniaturization by carrying two or more bare chips of a semiconductor IC 
namely, the volume of a piezo-electric device including an excessive 
opening had become a big inhibition factor, when it is markedly alike 
compared with the volume of these semiconductor IC chip, and loading 



together a piezoelectric transducer here, since it is large. This 
invention is accomplished in order to solve the above-mentioned trouble, 
even if other bodies touch the periphery section of a piezo-electric 
substrate with it directly, there is no change in a property, and it 
aims at offering the piezoelectric transducer equipped with a large 
miniaturization and high-reliability by making unnecessary the opening 
of the vibrator circumference which the piezo-electric device of the 
result former surely needed. 
[0004] 

[Means for Solving the Problem] In order to attain the above-mentioned 
purpose, invention of claim 1 is characterized by having made two piezo- 
electric substrates rival and arranging the Kushigata electrode near 
[ the ] an interface. Invention of claim 2 is characterized by making a 
crystallographic axis in agreement and sticking the same ingredient as 
two above-mentioned piezo-electric substrates. Invention of claim 3 is 
characterized by using the later electrical conducting material of the 
propagation velocity of the above-mentioned piezo-electric substrate as 
the above-mentioned Kushigata electrode. Invention of claim 4 is 
characterized by arranging the later dielectric material of propagation 
velocity from the above-mentioned piezo-electric substrate with the 
above-mentioned Kushigata electrode. 
[0005] 

[Embodiment of the Invention] Hereafter, the example of a gestalt which 
showed this invention to the accompanying drawing explains to a detail. 
First, the principle of this invention is explained. This invention 
needs to provide the following two means. 

1. Means which shuts up mechanical vibration near the interface of two 
piezo-electric plates. 

2. Means which makes interaction with electric terminal possible for 
mechanical vibration confined in the interface through piezoelectric. 
First, the means which shuts up mechanical vibration near the field-like 
field of a near [ the interface 3 of two piezo-electric substrates 1 and 
2 ] is explained using drawing 1 . in addition — although, as for a 
piezo-electric substrate, an electromagnetic wave also shuts itself up 
in coincidence — this — — since it can treat statically, it is 
well known that what is necessary is to consider only mechanical 
vibration. There are a total of three waves of one longitudinal wave and 
two transverse waves in the wave motion of the supersonic wave which 
spreads the inside of a piezo-electric medium. It is a mechanical 
vibration child like a piezoelectric transducer who produced standing 
wave resonance phenomena and used this with the combination of these 



three wave motion by the medium of a finite dimension on the other hand. 
[0006] Depending on how to carry out generating of the standing wave, 
there are bulk wave vibration in which the wave motion exists in the 
whole medium, and surface wave vibration which vibrational energy 
concentrates on the surface of a medium like contour vibration and thick 
taste vibration. Unlike a bulk wave, vibrational energy concentrates a 
surface wave on the front face of a uniform piezo-electric substrate, 
but this invention confines vibrational energy in the interface on which 
two piezo-electric substrates inside a piezo-electric substrate were 
stuck by two sheets' countering and sticking the vibrator using this 
surface wave. The boundary wave to which the boundary wave which is made 
to concentrate energy on the interface of two media, and is spread is 
already recognized in the seismology field, and is called a SUTONRI wave 
exists. Although this boundary wave is oscillatory-type voice with the 
variation rate of propagation, and the variation rate of the depth 
direction, this boundary wave does not exist to the combination of the 
medium of arbitration. 

[0007] A flat surface is used for this invention as this interface. What 
is necessary is just to allot the quality of the material 4 with 
propagation velocity slower than this piezo-electric substrate to an 
interface like drawing 2 for that purpose from Huygens' principle that 
what is necessary is just to make the wave propagation rate of the 
field-like field of this interface later than a perimeter, in order to 
centralize vibrational energy on this interface. As an example of the 
late ingredient of propagation velocity, there is a metal Au etc. and 
this can be used. Other reasons which can concentrate vibrational energy 
on such a field-like field are explained. That is, it sets to surface 
wave vibration and is drawing 3 (a). In the substrate which had the two- 
layer structure like, when the propagation velocity of the transverse 
wave of the upper layer 5 is slower than the propagation velocity of the 
transverse wave of a substrate 2, it is common knowledge that a Love 
wave exists. The Love wave of the differential component of the depth 
direction of a variation rate is perpendicular to a front face 6 on a 
front face 6. That is, it is drawing 3 (b) in the front face where a 
variation rate is the largest in order for stress to satisfy the 
conditions called zero. The differential component of the depth 
direction of a variation rate is perpendicular like Point A. It is based 
on these phenomena and is drawing 4 (a). Two Love wave wave motion is 
piled up on a front face 6 like. In this case, drawing 4 (b) As shown at 
an A point, a variation rate and the force change with continuation in 
the front face 6, i. e. , the lamination interface of two Love waves, so 



that it may be shown. Therefore, it is thought that a property is saved 
even if it makes these [ two ] rival. Consequently, drawing 4 (b) 
Vibrational energy concentrates near [ late ] the field-like field of 
the propagation velocity inserted into two piezo-electric substrates 
like. As mentioned above, if there is a late field-like field of 
propagation velocity, it can explain that vibrational energy 
concentrates near [ the ] a field. In order to build the late field-like 
field of this propagation velocity with this invention, it is not 
necessary to necessarily constitute from the uniform quality of the 
material like drawing 2 . Like drawing 5 , with the structure which 
allotted the late field of propagation velocity periodically according 
to the quality of the material 4 of the periodic structure of die-length 
L, similarly, propagation velocity of this field-like field can be made 
late, therefore vibrational energy can be centralized near [ this ] a 
field-like field according to the perturbation effectiveness. 
[0008] When allotting the field of the late periodic structure of 
propagation velocity above, it was shown that vibrational energy can be 
concentrated on a field-like field. Furthermore, if it adds, since the 
substrate of the localization wave piezoelectric transducer used in this 
invention has piezoelectric, it is the same as cases, such as surface 
wave wave motion, that a wave propagation rate changes with the 
stiffness load effectiveness, the mass load effectiveness, and electric- 
field shunt effects. Therefore, such propagation velocity changes with 
the shape parameters of an electrode including the piezoelectric 
material used, cutting bearing and the electrode quality of the material, 
or periodic structure. 

[0009] Next, the second means is explained. An electrode of periodic 
structure like drawing 5 explains that the vibrational energy 
concentrated near the field-like field can be taken out as electric 
energy by piezoelectric [ of a piezo-electric substrate ]. For that, 
this invention is unrealizable only by making the surface wave vibrator 
of the same design made with the conventional technique merely rival. In 
this invention, if the case where the electrode of periodic structure 
has been arranged in a uniform piezo-electric plate is assumed like 
drawing 6 , distribution of line of electric force will be a continuous 
function, and will become like the arrow in drawing. Moreover, the 
imagination interface 3 is considered. Since piezoelectric material is 
an anisotropy also as a dielectric material, although distribution of 
this line of electric force is not symmetrical vertically and 
horizontally to the interface 3 in drawing, either, it is thought 
according to extent of that anisotropy that it is global almost 



symmetrical. With this line of electric force, vibration of a supersonic 
wave occurs through piezoelectric. Or if an electric displacement arises 
and an electric terminal is conversely short-circuited by the wave 
motion of a supersonic wave, a current will flow. 

[0010] The line of electric force of drawing 6 is divided into a well- 
known cross field component and a well-known infield component. And by 
the upper and lower sides of an interface 3, since the quality of the 
material is continuation, this distortion also becomes [ a piezo- 
electric substrate with a uniform distortion which results from the 
variation rate of X shaft orientations ] continuously. Furthermore, the 
generating charge caused by piezoelectric also becomes continuously by 
the upper and lower sides of an interface. Namely, as for distribution 
of the line of electric force caused when the electrode of periodic 
structure is arranged into a uniform piezo-electric plate like drawing 
6 , both a cross field component and an infield component are known by 
that distortion which results from the variation rate of X shaft 
orientations is a consistent place. It turns out that distribution of 
distortion which results from the variation rate of Y shaft orientations 
similarly, and the line of electric force caused when the electrode of 
periodic structure is arranged into a uniform piezo-electric plate like 
drawing 6 is a place where both a cross field component and an infield 
component are consistent. In the above, corresponding to the wave motion 
equivalent to the Love wave which exists in the case of a surface-wave 
trembler, and the Rey Leh wave or the wave motion similar to this, and 
the wave motion of such combination, it explained that also in the case 
of this invention the wave motion similar to this existed near the 
interface field of two sheets, and could excite with the Kushigata 
electrode. 

[0011] The piezoelectric transducer of actual this invention makes two 
piezo-electric substrates rival, and acquires the property of the above- 
mentioned piezo-electric plate. In addition, the approach of this 
invention using two piezo-electric substrates of the same ingredient 
which arranged the crystallographic axis is effective when enlarging an 
electromechanical coupling coefficient most. Even if it is the case 
where two piezo-electric substrates are made to rival, when setting a 
shaft and not making it rival, it can be expected that the frequency 
temperature characteristic will generally become good although an 
electromechanical coupling coefficient becomes small. Furthermore, since 
the oscillating style in this case does not have symmetric property in 
both sides across an interface, as for constituting two piezo-electric 
substrates of each other from an another piezo-electric substrate, only 



that unsymmetrical nature can expect an improvement of the frequency 
temperature characteristic also in this case, although an 
electromechanical coupling coefficient will deteriorate. 
[0012] Next, an approach to shut up the vibrational energy in the 
direction of two dimension in an interface field is explained using 
drawing 7 . Drawing 7 is the top view cut in respect of the Kushigata 
electrode of an interface field being included. The Kushigata electrode 
is arranged to the field 7 shown by the dotted line. It concentrates 
only on the field 7 neighborhood without reflecting vibrational energy 
and concentrating here on the outside of the quick field 7 of 
propagation velocity by the same reason as vibrational energy 
concentrated on the above-mentioned lamination interface field, since 
the late electrode of propagation velocity is arranged on this part. As 
explained above, since this invention takes out mechanical vibration 
from an electric terminal through piezoelectric with the electrode which 
has lamination and periodic structure for two piezo-electric plates in 
the interface on a flat surface, it is learned from a surface-wave 
trembler and can realize the filter of a resonator joint mold, and the 
filter of a transversal mold. 

[0013] Next, the structure of the concrete example of this invention is 
explained in order of a prototype process using drawing 8 . Two Xtal ST 
plates are prepared as a piezo-electric substrate, It is the front face 
lambda/50 It grinds flatly to extent. Among these, about one sheet, it 
is drawing 8 (a). A quartz plate is etched like and it is width of face 
5. mum and a depth of 200nm A slot is attached. In order to bury Gold Au 
into this slot, the laminating of the gold Au is carried out to the 
whole surface in a spatter, and a golden Au thin film is etched, and it 
is drawing 8 (b). It forms like. In this phase, reactant plasma etching 
is performed and frequency regulation is performed. It is necessary to 
etch both the Xtal substrate and the golden Au film in parallel without 
a level difference, changing etchant at this time. 
[0014] Next, it is one more piezo-electric substrate lambda/50 The 
ground fields stretch, they are put together, make and make it rival to 
extent. This lamination is performed in two steps. A first stage story 
is 5kg/cm2 to two piezo-electric substrates at ordinary temperature and 
ordinary pressure. A pressure is put and is made to rival. The mechanism 
of junction of this phase is called hydrogen bond. Next, this is heated 
by 450 ** for 1 hour. Junction of this phase is called ionic bond which 
was able to take water, is very firm junction and does not separate from 
a plane of composition. Above, the localization wave mode piezoelectric 
transducer of this invention is completed. According to the observation, 



Q value of the property was 1000. Moreover, since degradation of the Q 
value at the time of suppressing the periphery section with the large 
rubberlike substance of oscillating loss was not accepted, vibrational 
energy will not have leaked and come out of it to the periphery section 
of a piezo-electric substrate. On the other hand, when the periphery of 
a piezo-electric substrate was bound to this appearance, in the 
conventional piezoelectric transducer, the vibrator by this invention 
has checked the marked improvement effect to there being degradation of 
large Q value. 

[0015] Other examples are explained using drawing 9 . Drawing 9 (a) It 
is the top view cut in respect of having illustrated the filter of a 
resonator joint mold and the Kushigata electrode of an interface field 
being included. The part 10 which does not adopt the means which makes 
propagation velocity late among the parts 8 and 9 which arranged 2 sets 
of Kushigata electrodes which provided the means which makes propagation 
velocity late is allotted. Thereby, the vibrational energy confined in 2 
sets of Kushigata electrode fields joins together in a part 10, and 
constitutes a filter, since [ in this case, ] the number of electrodes 
is two — the minimum — the following symmetric mode and the minimum — 
it is the same as a surface wave filter that the following antisymmetric 
mode is excited by stress and a filter is constituted. Drawing 9 (b) The 
filter of a transversal mold is carried out and it is the top view 
similarly cut in respect of the Kushigata electrode of an interface 
field being included. Although the normal mold is illustrated if it 
considers as Kushigata 11 and 12 of 2 sets of 1/0, the technique of an 
AP0DAIZU mold, an infanticide mold, etc. is employable like the case of 
a surface wave filter. 
[0016] 

[Effect of the Invention] Since the field of what of the periphery 
section of a piezo-electric substrate is not vibrating mechanically by 
confining vibrational energy in the interior of a piezo-electric 
substrate, either, as explained above and this invention can be 
constituted, without needing an opening, it demonstrates the following 
effectiveness. 

1. The conventional piezoelectric transducer wrote the opening during 
the surely needed opposite package as it is unnecessary, and the marked 
miniaturization of it was attained like the common chip. 

2. MCM Loading on a semiconductor IC substrate was attained in structure 
(Multi-chip-module) and a piezoelectric transducer. 

3. Since mechanical structure became easy, an oscillation 
characteristic-proof and an impact property-proof increase, and high- 



reliability could be attained extremely. 

Therefore, the conventional piezoelectric transducer and the 
piezoelectric transducer with which user-friendliness is completely 
different and which is easy to use are offered. It contributes to a 
marked miniaturization and a marked raise in reliance. 
[0017] 
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[Brief Description of the Drawings] 
[0018] 

[Drawing 1] The sectional view for explaining the principle of this 

invention. 

[0019] 

[Drawing 2] The sectional view for explaining the principle of this 

invention. 

[0020] 

[Drawing 3] (a) And (b) is the conceptual diagram of the conventional 

Love wave vibrator. 

[0021] 

[Drawing 4] (a) And (b) is the conceptual diagram of the energy 

concentration in this invention. 

[0022] 

[Drawing 5] The conceptual diagram of the periodic structure of this 

invention. 

[0023] 

[Drawing 6] The conceptual diagram of line-of-electric-force 

distribution with the electrode of this invention. 

[0024] 



[Drawing 7] The explanatory view of an approach to shut up the direction 

of two dimension of the vibrational energy of this invention. 

[0025] 

[Drawing 8] (a), (b), and (c) are the sectional view of concrete 1 

example of this invention. 

[0026] 

[Drawing 9] (a) And (b) is the top view of one example of this invention. 
[0027] 

[Drawing 10] It is the internal structure Fig. of the piezoelectric 
transducer of the conventional technique, and is (a). The transverse- 
plane sectional view of a tuning fork mold quartz resonator and (b) are 
a flank sectional view. 
[0028] 

[Drawing 11] It is the internal structure Fig. of the conventional thick 
taste skid quartz resonator, and is (a). A transverse-plane sectional 
view and (b) are a flank sectional view. 
[0029] 

[Drawing 12] It is the internal structure Fig. of the conventional 
lithium NAI0 bait surface wave vibrator, and is (a). A top view and (b) 
are drawing of longitudinal section. 
[0030] 

[Description of Notations] 

1 . . . Piezo-electric plate, 

2 . . . Piezo-electric plate, 

3 . . . Interface, 

4 ... The late quality of the material of propagation velocity, 

5 . . . Upper layer, 

6 . . . Front face, 

7 . . . Field, 

8 9... Part which had the Kushigata electrode arranged, 
10 11 ... Kushigata electrode, 

12 . . Case, 

13 . . Base, 

14 . . Piezo-electric substrate, 

15 . . Support, 
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